Evaluation and comparison of the scavenging efficiency of in vivo and in vitro grown Lycopersicon esculentum for copper (Cu) and cadmium (Cd) (which are the major components of inorganic contaminants and extremely harmful to the living beings, when exceeded to their threshold limits), using atomic absorption spectroscopy (AAS), was conducted during the present study. 
INTRODUCTION
Phytremediation is a unique natural process giving rise to the concept of cleanup of metal toxicity from the contaminated soils on a wider scale. The metals pass through the root cell membrane to the symplast. Goldsbrough (2000) reported that inside the cell, the metals could be passed to the vacuoles, (where they are degraded enzymatically) by membrane metal transporters, and are deposited there with the help of metallothioneins that is, metal-binding proteins. Metals uptake using plants provides an environmental friendly solution of the soil pollution, which is a low cost, in situ process, energized by solar energy (McCutcheon and *Corresponding author. E-mail: catlacatla@hotmail.com. Schnoor, 2003) . The presence of elevated levels of heavy metal ions triggers a wide range of cellular responses including changes in gene expression and synthesis of metal-detoxifying peptides (Agarwal et al., 2003) . Heavy metals replace other essential metals in pigments inside the cellular structure, destroying the natural balance of these molecules (Manios et al., 2003) . They may cause oxidative stress too, especially transition metals like Fe 2+/3+ and Cu +/2+ (Rivetta et al., 1997) . In recent years, however, the value of metalaccumulating plants for environmental cleanup has been vigorously pursued (Taylor et al., 1992; Brown et al., 1995) giving birth to a specific area of phytoremediation termed phytoextraction (Kumar et al., 1995) . Plant tissue culture is considered as a very helpful tool for such analyses in a controlled environment. Plant tissue culture provides a selected environment for the evaluation of many limiting factors. It is in extensive use nowadays, to obtain variants with variable tolerance to different biotic stresses (Ben-Hayyim, 1987; Santos-Díaz and OchoaAlejo, 1994 ). This technique is also found to be useful for cultured plant organs to know the metal accumulation properties by each separate plant part, for example, the removal of Sr 2+ using shoots of Solanum laciniatum (Kartosentono et al., 2001) , and Cd hyper-accumulation by roots of Thlaspi caerulescens (Nedelkoska and Doran, 2000) . Lycopersicon esculentum is a member of family Solanaceae. It is widely grown all over the world for its nutritional, medicinal and commercial importance. Atomic adsorption spectroscopy (AAS) is an alternative, simple and rapid technique for quantitative isolation of the group of eight elements [Aluminum (Al), calcium (Ca), cadmium (Cd), copper (Cu), iron (Fe), manganese (Mg), lead (Pb) and zinc (Zn)] from vegetable material (Wieteska et al., 1998) . Copper is an essential micronutrient for plants, but it can be toxic at higher concentrations. Copper contributes to several physiological processes in plants such as photosynthesis, respiration, carbohydrate distribution, nitrogen and cell wall metabolism and seed production including disease resistance (Pendias and Pendias, 2001 ). The higher concentration of Cu may account for the suppressed root growth, leaf chlorosis observed among plants (Baker and Walker, 1989) . Kuzovkina et al. (2004) mentioned that cadmium (Cd) is not an essential element for plant metabolism and can be strongly phytotoxic causing rapid death. Cadmium is considered as a major threat to the living organisms due to its devastating and expanding deteriorating impacts on animal and plant life (Pendias and Pendias, 2001) . Lead uptake and accumulation in willow plants was traced out by Kuzovkina et al. (2004) . Suarez et al. (2007) found the elevated trace element accumulation in different cultivars of tomatoes. Atomic absorption spectroscopy is a well known technique for determining the concentration of a particular metal element in a sample and can be used to analyse the concentration of over 70 different metals in a solution (Sperling and Bernhard, 1999; Suarez et al., 2007) . Suarez et al. (2007) studied the concentrations of minerals [Potassium (P), sodium (Na), phosphorus (K), calcium (Ca) and magnesium (Mg)] and trace elements [Iron (Fe), copper (Cu), zinc (Zn) and manganese (Mn)] in 167 tomato samples belonging to five cultivars (Dorothy, Boludo, Dunkan, Dominique and Thomas) produced on the island of Tenerife. The cultivar, cultivation method, period of sampling and region of production in the island influenced the concentrations of mineral and trace elements of the tomatoes. Trace elements seemed more influenced by the cultivar than the minerals, and the cultivation method affected mineral contents more than trace element contents. During the present study, an effort was made to find out the working of a natural scavenger in two different growth conditions which can extract the metal ions from the industrially polluted land Khan et al. 6469 areas.
MATERIALS AND METHODS
In vivo and in vitro growth of L. esculentum Mill.
Field plants were grown in the back yard of Botany Department, Lahore College for Women University, Lahore, Pakistan, where as in vitro plants were grown in the following way. The young leaves with petioles, slices of cotyledonary leaves, apical and axillary buds, nodal and intermodal segments and roots of young plants were used as explant during in vitro growth of L. esculentum. They were inoculated in media supplemented with different growth regulators such as 2,4-D, BAP and NAA as well as their combinations. The cultures were grown separately at different ranges of temperature that is, 20 to 30°C with 16 h photoperiod and pH be tween 5.5 to 6.0. Callus induction was observed after 1 to 2 weeks in response to the given conditions. Then the in vitro grown callus was sub cultured on different concentrations of BAP and NAA and was incubated in growth room. After 10 to 30 days multiple shoots sprouted from callus and elongated upto 5 to 6 leaves per count. The sub culturing interval was 2 to 3 weeks.
Determination of Cd and Cu uptake by L. esculentum using atomic absorption spectroscopy
Atomic absorption spectrophotometer (Z-500) was used for the detection of Cu and Cd metal ions during in vitro and in vivo growth of L. esculentum. All chemicals and reagents used in the study were of analytical grade and were used without further purification. Solutions were prepared in double distilled water.
Preparation of biomass
Elements in plants including roots and aerial parts cannot be detected directly by atomic absorption spectroscopy, so solution for plants are prepared by wet digestion method and then samples are analyzed to determine the concentration of metal ion. After collecting leaves of plant they were washed with double distilled water to remove dust from plant. These leaves were dried in an oven. The dried plants were digested. The same procedure was done with in vitro grown plants, although regenerated plants were not sterilized.
Methods for digestion
The dried plant leaves were weighed separately and 5.0 g of them was taken in a round bottom flask. Then these dried materials were ashed in crucible muffle furnace at 500°C for 1 h. T he residue was then wet digested by HCl/HNO3 5 ml (1:3) and heated till dryness. After drying, 5 ml of HNO3 was added in the same beaker and was heated for 5 to 10 min. The volume was diluted up to 50 ml with double distilled water and the solution was filtered. Then these sample solutions were ready to be aspirated in AAS. These sample solutions of in vivo and in vitro grown leaves were kept at 4°C with light (UV) protection in amber bottles.
RESULTS AND DISCUSSION
During the present work, maximum callus initiation and maintenance i.e., 90% (Figures 1 and 2 ) was noted in leaf tissues of Lycopersicon esculentum scultured on medium containing 2.5 mg/l BAP and 1.0 mg/l NAA (Table 1 and 2). Brasileiro et al. (1999) observed regeneration in medium with 0.01 mg/L BAP and 0.02 mg/L NAA using anthers as explant. Sheeja and Mandal in 2003 reported callogenesis from leaf explants of Lycopersicon esculentum cultured on 2 mg/L of BAP. Chaudhry et al., (2004) achieved the callus induction and regeneration response of Lycopersicon esculentum in medium containing NAA (2 mg/L) using leaf discs and hypocotyl as explants. During the second step of study, the uptake of Copper (Cu) and Cadmium (Cd) was determined using leaf tissue from in vivo and in vitro grown plant of Lycopersicon esculentum by Atomic Absorption Spectroscopy. The results showed that the Cadmium concentration was comparatively in lower ranges as compared to Copper (1.0282 and 0.5105±0.00 ppm of Cu and0.194 & 0.0160±0.00 ppm of Cd for In vivo and in vitro grown plants respectively (Table 3 and  4) . According to Khan and Khan (1983) tomato also showed tolerance to the low concentrations of both these elements. These results predict that in future the in vitro grown plants can be used as the natural scavengers of these toxic elements. 
